
â‚¬ Chloramines Message Maw 
January 2L.2008 .. . . .... . ... . .... .. .. . .- 

BASIC INFORMATION ABOUT CHLORAMINES 

1) What are chloramines? 

Chloramines are disinfectants used to treat drinkhg water. 
Chloramines are most commonly formed when ammonia Is added to chlorine to 
treat drinking water. 
The most typical purpose of chloramines is to protect water quality as it moves 
through pipes. 
Chloramines provide long fasting protection as they do not break down quickly in 
water pipes. 

The dlffensnt types of chloramfnes are monochloramine, dichloramlne, 
trtchloramine, and organic chioram/nes. 

When chloramines are used to disinfect drinking water, monochforamine is the 
most common form. 
Dichloramine, trichloramine, and organic chl~ramines'~ are produced when 
treating drinkin water but at much lower levels than monochloramine. ? Trichloramines are typically associated with disinfected water used In swimming 
pools. 

The Environny fa1 Protection Agency regulates the safe use of chloramlnes in 
drinking water. 

EPA requires water utilities to meet strict health standards when using 
chloramines to treat water. 
EPA chloramines regulations are based on the average concentration of 
chloramines found in a water system over time. 

+ EPA regulates certain chemicals fanned when chioratnines react with natural 
organic matter3 in water, 

Additional Supporting Information: 
1. Dachioramlna Is formed when ttie chlorine to ammonia-nitrogen weight ratio is greater than 5:1, 

however, this reaction is very stow. Organic chtoramhs are fanned when chlorine reads with 
organic nitrogen compounds. Source: Opffmfzing Chioramhe Treatment, 2"1 Edition, AwwaRF, 2004 

2. Trichloramlne formation does not usually occur under normal drinking water treatment conditions. 
However, If ?e pH is lowered Maw 4.4 or the chlorine to amroonbnimgen weight ratio becomes 
greater than 7.6:1, then trichloramlne can form. Trichlormalne famalion can occur qt a pH between 7 
and8rfttechtorinetoammonia-nifroaenw~falioisincfeasedto15:l. Source: OpSmfzlng 
Chlommine Treatment, 2"' Edition, AwwaRF, 2004 

3. The drinking water standard for chloramines Is 4 parts per million (ppm) measured as an annual 
average. Mom information on water utility use of chloradnes Is avsltabte at 
hao;//www,e(>a.aw/safettaterlcHsinfectlon/!ndex.h~ and in tte 1997-1998 Information Collection 
Rule, a nattonai survey of large drinking water utilities for the Stage 2 Disinfection Byproducts Rule 
(DBPR). Information on the Stage 2 DBPR Is available at 
htlD://www.eoa.aw/safewater/dislnfectton/sta(ie2/. 
More information on EPA's standard setting process may bs found a t  
htto://www,~pa.aov/OQWDW/atandard/settina.htfn!, 

4. Natural organic matter is a complex mixture of compounds fonned as a result of the breakdown of 
animal and plant material in the environment Source: 
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2) How long has monochloramine been used as a drinking water disinfectant? 
How Is monochloramine typically used? How many peoplekater utilities use 
monochloramlne? 

Monochloramtne has been used as a drinking water disinfectant for more than 90 
years. ' 

~onochlorakine has been shown to be an effective disinfectant based on 
decades of use in the US., Canada, and Britain. 
Monochloramine is usually used along with chlorine as part of the drinking water 
treatment process. 
Monochloramine helps protect people from waterborne diseases? 

Monochloramine Is most often used to maintain water quality in the pipesn3 
Monochloramine provides long lasting protection of water quality. 
Monochloramine is effective as a disinfectant because it does not dissipate asm 11, 

quickly as chlorine. 
Monochloramine helps lower levels of potentially harmful regulated disinfection 
byproducts compared to chlorine. 

More than one in five Americans use drinking water treated with 
monochloramine. 

Monochlorarnine use has increased in recent years due partly to new drinking 
water regulations developed to limit certain disinfection byproducts. 
New drinking water regulations limit the concentration ofpotentially harmful 
disinfection byproducts that may occur in drinking water. 
Several large cities such as Denver and Philadelphia have been using 
rnonochloramine as part of their treatment process for decades. 

Additional Supporting Infomiation: 
1. For more information on the history of drinking water disinfection visit: 

h ~ ~ : ~ ~ . e ~ ~ . ~ ~ ~ l ~ ~ ~ a t e ~ l ~ ~ n ~ ~ m ~ ~ ~ f ~ l ~ L p d f .  
2. For more information on waterborne disease visit: 

htto:i/www.cdc.tlov/ncidad/dlseases/list waterboi'ne. him. 
Drinking water is treated before it is passed through the pipes, however, water Is not sterile and 
can contain low levels of microorganisms that survive through treatment and distribution. 
Microbes can grow on pipe surfaces forming a thin blofflm layer. These microbes while typically 
not harmful can  contribute to various problems Including: 1) the release of cofiform bacterig Into - 
the water, 2) increased disinfectant demand, 3) aesthetic water quality problems (e.g. 
unpleasant taste or odor), and 4) pipe corrosion or nitrification reactions and the resulting 
release of contaminants such as nitrite, nitrate, and lead info the water. See question 27 for 
more information on contaminant release, biofilms, and nitrification. In some cases, biofflms 
have been known to harbor pathogens that cause disease, especially in severely 
immu lsed persons. See Drinking Water Distribution Systems - Assessing and 
R e d u ~ & @ e r s  6 and 7, hH~:/ /m.nap.du/&aloa.~h~?raod ld=4 1728#oc 

Also see EPA's Biofilm White Paper. , - 
b b ;  

3, See the Stage 1 and Stage 2 Disinfection Byproduct Rules for more information on new 
drinking water regulations (htto://www.epa.aov/safewaterftlisinfeetion/fndex.html)~ - 
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BASIC INFORMATION ABOUT DRINKING WATER DISINFECTION 

3) Why is drinking water disinfected? What is the differsnci Ween primary and 
secondary disinfection? How is monochloramlne used In a treatment plant? 

Drinking water is disinfected to protect public health.' 
Prior to the widespread use of disinfectants, many people became ill or died 
because of contaminated water. 
Disinfection reduces or eliminates illnesses acquired through drinking water. 
EPA and CDC believe the benefits of drinking water disinfection outweigh the 
potential risks from disinfection byproducts. 

Primary disinfection kills or inactivates bacteria, virvses, and other potentially 
harmful organisms in drinking water. 

Disinfection prevents infectious diseases such as typhoid fever, hepatitis, and 
cholera. 
Some disinfectants are more effective than others at inactivating certain 
potentially harmful organisms? 
Disinfection processes vary from water utility to water utility based on their needs 
and to meet â‚¬ treatment requirements. 

Secondary disinfection provides longer-lasting water treatment as the water 
moves through pipes to consumers. 

Secondary disinfection maintains water quality by Rilling potentially harmful 
organisms that may get in water as It moves through pipes. 
Monochtoramine is commonly used as a secondary disinfectant 
Monochloramlne may be more useful than chlorine in killing certain potential) 
harmful organisms In pipes such as those that cause Legionnaire's disease. 

Addiffdfid Supporting Intonnatim: 
1. Not all federally-regulated ground water utilities are required to disinfect their water. Regulatory 
authorities work wilh utifidaa to decide if treatment is necessary. 
2. See question 2 for additional history on drinking water disinfection. 
3. PotenteKy harfnful organfsms include disease-caustng bacteria, viruses, and protozoa. Chtortnation 
and chloramination are not effective at inactivating Crypfosporf<sum. For information on alternative 
disinfectants and other oddanis visit ~://www.eoa.gov/gafewater/mdb~/nrib~ta.hh!#dislnfact 
4. For more information on these infectious diseases vl& the follcwring webstes' 
pttti;//www.cdc.aovlncidod/dbmdtdisea~einfo/tvphoKlfever g,titni (for typhoid fever); 
htto;//www.ctlc.aov/mmwr/oreview/mmwrhtml/mm5717a8.htf~ (for hepatitis); 
~ ; / ~ . ~ c , ~ o v l m a d d h m d d i ~ a w  l i W & o l e m  @&& {for cholera). 5. All utilities that usa surface water are required to treat or remove 99.99% of viruses and also to filter 

their water. However, some surface water systems may obtain waivers for filtration if the watercomes 
from a protected source. Surface water systems must also have a detectable disinfectant residual in their 
distribution system. Ground water systems are only required to disinfect as necessary and are not 
required to have a detectable disinfectant residual. Ground water systems that are found to be Influenced 
by surface water (for e m ,  wdls to<̂ ed next to twers) are requwri to foflow the treatment 
requirements for surface water. In addition, States may have more stringent treatment requirements and 
may, for example, requira all of their ground water systems to disinfect For more Information on EPA 
surface water treatment requirements visit: 

6. For more infomlion on Legionnaire's dise8se vlsit h Q : i m m .  
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4) What disinfectants are available for drinking water? 

Most wafer utilfffes use chlorine as a primary disinfectant because of its 
effectiveness in killing potentlally harmful organisms? 

Chlorine Is effective In killing bacteria, viruses, and other potentially harmful 
organisms in water. 
One disadvantage of chlorine is it can react wfth natural organic matte? present 
in water to form potentially harmful disinfection byproducts. 
Water utilities sometimes use chlorine several times during treatment because 
the initial dose loses Its effectiveness over time. 

Monochloramlne Is commonly used as a secondary disinfectant to protect the 
water as it traveis from the ireatment plant to consumers. 

Monochloramlne Is effective in killing bacteria, viruses, and other potentially 
harmful organisms but takes much longer to act than chiorine. 
One disadvantage of monochloramine is it can react with natural organic matter 
present in water to form potentially harmful disinfection byproducts. 
Monochloramine Is more chemically stable than chlorine, which makes It longer 
lasting and an effective secondary disinfectant. 

Water utiiiffes may use ozone, Wlight, or chlorine dioxide as primary 
dish feelants in the treatment plant 

Ozone, UV light, and chlorine dioxide are effective In killing bacteria, viruses, and 
other potentially harmful organisms in water at the treatment plant. 
One disadvantage of ozone, UV light, and chlorine dioxide is they do not provide 
protection as water travels through pipes. 
Either chlorine or monochloramine must still be used in addition to any primary 
treatment process to protect the quality of treated water as it travels from the 
treatment plant to the customer. 

Additional Supporting Information; 
See question 3 for a discussion of primary and secondary disinfectants. See questions 5 and 6 
for a specific discussion of cblorine and monochloramine as a primary and secondary 
disinfectant. 
1. Potentially harmful organisms Include diseass-causing bacteria, viruses, and protozoa. 
Chlorination and chloramlnatlon are not effective at inactivating Cfyptosporidium. 
2. Natural organic matter is a complex mixture of compounds formed as a result of the 
breakdown of animal and plant material in the environment. Source: 
~//www.~waha.om/tem~iat~S/td templates/layout 633184.as~x?Obiectld=661579. 
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5) How effective is monochlommlne vs. chlorine as a primary disinfectant? 

Monochloramine can be an effectbe primary disinfectant in limited situations. 
a Monochtoramlne takes much longer than chfofrne to kill most potentially harmful 

organisms.' 
Monochloramlne can be used as a primary disinfectant but tire amount of time 
needed for treatment makes It impractical for most utilities. 

+ But because It is longer lasting than chlorine, monochloramine Is often used as a 
secondary disinfectant. 

Chlorine Is a very effective primary disinfectant 
Chlorine is very effective at killing most potentially harmful organisms.' 
Chlorine kids most potentially harmful organisms quickly. 
Chlorine is the most frequently used primary disinfectant of drinking water. 

A combination of disinfectants Is often used forprimary disinfection. 
Primary distnfecBon usually consists of multiple disinfection steps that may start 
as the water enters the treatment plant. 
When used as a primary disinfectant, monochloramine effectiveness is Increased 
by combining it with other disinfectants. 
The choice of which combination of disinfectants to use varies from water utility 
to water utility based on their needs and to meet EPA treatment requirements. 

Additional Supporting tnfdnnation: 
See question 3 for a discussion of primary and secondary disinfectants. 
1. Potentially harmful organisms include diseasecausing bacteria, viruses, and protozoa. 
Chlorination and chlorarnlnation are not effective at inactivating Ctypfospondium. 
2. All utilities that use surface water are required to treat or remove 99.99% of viruses and also 
to filter their water. However, some surface water systems may obtain waivers for filtration If the 
water comes from a protected source. Surface water systems must also have a detectable 
disinfectant residual in their distribution system. Ground water systems are only required to 
disinfect as necessary and are not required to have a detectable disinfectant residual. Ground . 
water systems that are found to be Influenced by surface water (for example, wells located next 
to rivers) are required to follow the treatment requirements for surface water. In addition, States 
may have more stringent treatment requirements and may, for example, require all of their 
ground water systems to disinfect. For more information visit: 
h#p://www.e~a.awlsafewater/mElbi3/irnplennent.html and for Information on requirements for 
ground water systems visit 
htt~://www.e~a.aov/safewater/d~slnfecBortfowrft)asicinfomatior). html. 

Deliberative draft - do not cite or distribute Revised 1/26/09 



. 6)  How effective is monochloramine vs. chlorine as a secondary disinfectant'? 

Both chiotine and monochlomine are effiecffve secondary dis/nfecfants.> 
a Both chlorine and monochforamine protect the quality of treated water as water2 

travels through pipes. 
Both chlorine and monochloramine produce disinfection byproducts, some of 
which are harmful to human health. 
EPA and CDC believe the benefits of drinking water disinfection outweigh the 
potential risks from disinfection byproducts. 

Monochloramlne has several advantages over chlorine as a secondary 
dis/nfeefant. 

a Monochloramine is more chemically stable than chlorine. 
a Monochlocamine produces fewer potentially harmful regulated disinfection -,,, 

byproducts than chlorine? 
Monochloramine islonger lasting than chlorine offering continued disinfection, 
and making it useful for killing certain harmful organisms found in pipes such as 
those that cause Legionnaires' disease. 

The choice of which secondary disinfectant to use varies from water utility to 
water utility based on their needs. 

Regulatory agencies and water utilities work together in selecting primary and 
secondary disinfectants. ' 
~egulatory agencies and water utilities balance a wide range of factors in 
deciding which disinfectant to use. 
Either chlorine or monochloramine are used as secondary disinfectants by water 
utilities. 

AdMona/ Supporting Infomistion: 
1. See question 3 for a discussion of primary and secondary disinfectants. See questions 17 

1 and 1 8 for advantag- and dlsadvanta~esA.mpnoch!oramine.itse~ .. .... ..... . ... . . .. . . . . .. . . . .. . . .... . . . ..- . 
2. See question 2 for a more Information about protecting the quality ofwater as it travels 

'.. 

through pipes 
3. ERA has enforceable regulations to limit occurrence of disinfection byproducts In drinking 
water for a group of four total trihalomethanes (TTHMs): (chloroform, brornodlchloromethane , 
(BOOM), dibromochloromethane (DBCM), and brornoform), a group of five haloacetic acids 
(h(AA5) {monochloroaceti~ acid (MCA), dichloroacetic acid (DCA), trichloroaceiic acid (TCA), 
monobromoacetic acid (MBA), and dibromoacetic acid (DBA)), and the Individual byproducts 
chfbrite and bromate. The maximum contaminant levels for these disinfection byproducts are: 
TTHMs (0.080 mg/L), HM5 (0.060 mg/L), chlorite (1.0 mg/L), bromate (0.01 0 mg/L). See Stage 
2 Disinfection Byproducts Rule (71 FR 388, January 4,2006) for more information on 
dlslnfectlon bypmducts and dls~ussion of uncertainties, 
WATFWQ06/Januaw/Dav-Q4/wO3.~df. 
4. For more information on Legionnaire's disease visit www.nlm,nih.aov/med!!neolus. 
5. Factors include the type and condition of source water, how much water needs to be treated, 
complexity of operation, etc. Guidance manuals are available at: 
hto://www.eoa.aw/safewater/disinfection/staae2/mm~!iance.html. Hard copies are available by 
ordering publicattons through EPA's Water Resource Center (phone: 202-566-1 729). 
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WATER SYSTEMS, DISINFECTION BYPRODUCTS, AND THE USE OF 
MONOCHLORAMINE 

7) Whyare disinfection byproducts a public health concern? 

Drinking water research indicates that certsdn byproducts of water disinfecfion 
have fhe potential to be harmful: 

Some research Indicates that certain byproducts of water disinfection are linked 
to increases In cancer incidence, including bladder cancer. 
Some research indicates that certain byproducts of water disinfection can be 
linked to liver, kidney, central nervous system problems, and reproductive 
effects* 
Some research indicates that certain byproducts of water disinfection can be 
linked to anemia. ' 

Assessments of the risks of water disinfection can be flighty uncertain. 
Scientists from many organizations conduct research on the effects of 
disinfection byproducts. 
tn some cases research results are contradictory; some studies show links to 
adverse health effects and others do not. 
Regulatory documents describe the uncertainties in risk assessments of 
disinfection byproducts.' 

The Environmental Protection Agency considers risk and uncertainty In 
establishing regulations for water disinfection. 

a Regulators weigh the public health benefits of disinfection against the risks of the 
potentially harmful disinfection byproducts? 
EPA sets limits for certain disinfection byproducts which are linked to health 
effects such as bladder cancer.' 
â‚¬ and other organizations continue to conduct research on disinfection 
byproducts. 

Additional Supporting Information: 
1. EPA has enforceable regulations to limit occurrence of disinfection byproducts in drinking 
water for a group of four total trihalomethanes (TTHMs) (chloroform, bromodichlommethane 
(BOOM), dibromochloromethane (OBCM), and bromoform), a group of five haloacetic acids 
(HAA5) (monochtoroaoatlc add (MCA), dlchloroacefic add (DCA), trichloroacetic add (TCA)', 
monobromoacetic add (MBA), and dlbromoacetic add (DBA)), and the Individual byproducts 
chlorite and bromate. The maximum contaminant levels for these disinfection byproducts are: 
TTHMs (0.080 @L), HAA5 (0.060 mg/L), chlorite (1 -0 mgw, bromate (0.01 0 mg/L). See Stage 
2 Disinfection Byproducts Rule (71 FR 388, January 4,2006) for more information on 
disinfection byproducts and discussion of uncertainties, httD:f/www,e~a.qov/fedrastr/EP& 
WATER/2006/Jsnuarv/Dav-O4~03-Ddf, 
2. For more Information on anemia and disinfection byproducts visit 
http://www.~~~.~~~/otiwciw/hfa&.htir(l. 
3. See question 8 for additional infonnatlon on how EPA regulates disinfection byproducts. 
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8) How does EPA regulate disinfection byproducts (DBPs)? 

EPA us& the presence of regulated disinfection byproducts as indicators of the 
presence of other disinfection byproducts,' 

EPA sets limits for two individual and two groups of disinfection byproducts 
(DBPS)~ that are linked to health problems. 

Ã Disinfectants react with natural organic matter3 to produce disinfection 
byproducts, some of which are of health concern. 
Recent ERA drinking water regulations require water utilities to reduce the 
concentrations of particular disinfection byproduck' 

Wafer utflities must test water regularly to make sure regulated disinfection 
byproducts are within â‚¬ limits. 

EPA recently strengthened regulatory limits for certain disinfection byproducts.' 
Regardless of the disinfectant used, the types and concentrations of disinfection 
byproducts will vary from day-today and among utilities. 
The concentration and type of disinfectant byproducts depends on many factors, 
including source water type, water temperature, the levels of natural organic 
matter in the water as well as the amount and type of disinfectant used. 

EPA conducts research to better understand disinfection byproducts In drinking 
water. 

EPA scientists coordinate their research on disinfection byproducts with , -  - 
scientists from many organizations. 
Scientific studies are focused on identifying disinfection byproducts that may 
need to be regulated? 
â‚¬ scientists and decision makers review regulations of disinfection byproducts 
every six years to determine if they need to be revised.' 

Addffional Supporting Information: 
1. EPA has enforceable regulations to limit the occurrence of disinfection byproducts in drinking water for 
a group of four total trihaiomethane (TTHMs) (chloroform, bromodtchlorom~thane (BDCM), 
dibromochlaromethane (DBCM), and bromofonn), a group of five halowetic adds (HAA5) 
(monochhacettc add (MCA), dtchloroacetic add (DCA), trichloroacetk acid (TCA), monobrornoacetic 
acid (MBA), and dibromoacetic acid (Dm)), and the individual byproducts chlorite and bromate. The 
maximum contaminant levels for these disinfection byproducts are; TTHMs (0.080 rnfl/L), HAA5 (0,060 
mg/L), ahtorite (1.0 mg/L), bmmat% (0.01 0 mg1L). See Stage 2 Disinfection Byproducts Rule (7 1 FR 388, 
January 4.2006) for more Information on disinfection byproducts and discussion of epidemiological data 
on chlorinated water exposure and cancer. ~to'J/www.epa.aovffBdiastr/EPA-WATER/2006/Januarv/Dav- 
W 3 . d f .  TWMs and HMs typically occur at Mghw tweh than other known and unknown 
disinfectant byproducts. The presence of TTHMs and HAA5 is representative of h e  occurrence of many 
other chlorinated disinfectant byproducts; thus, a reduction in TTHMs and HAA5 generally indicates a 
reduction of other types of disinfectant byproducts. 
2. The two groups are total trihalomethanes and haloacetic acids. The two individual DBPs are chlorite 
and bromate. 
3, Natural organic matter is a complex mixture of compounds formed as a result of the breakdown of 
animal and plant material in the environment Source: 
Mtp://www.iwahq.oq/templates/ld-templates/layout-633184.aspx?0blectld=661579. 
4. See the Contaminant Candidate List online at ~://www.e~a.nov/OQWOW/cdtd3.html for 
contaminants EPA proposes to review, 
5. EPA scientists consider new disinfection byproducts research as part of the six year review process. 
For information on the six year review process visit: h~://epa.~ov/safewater/review.html. 
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9) How do the kinds and concentrations of disinfection byproducts formed by 
monochloramtne compare to those formed by chlorine? 

Water treated with chlorine and monochioramine contain dffferant types and 
concentrations of disinfection byproducts. 

Compared to chlorine, water treated with monochloramlne contains fewer 
regulated disinfection byproducts that have been linked to human health 
problems. 
The formation of disinfection byproducts Is Influenced by source water type and 
the type of disinfectant used. 
Formation can vary daily with the amount of natural organic matter in the water, 
temperature, rainfall, and distance from the treatment plant or other factors 
Influencing water chemistry.- 

Compared to chlorine, water treated with monochloiamlne contains lower 
concentrations of regulated disinfecffan byproducts.̂ . . . . , , . , . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . [~ r i s te t ; '  I 

Compared to chlorine, water treated with monochloramlne contains lower 
concentrations of the two major types of regulated disinfection b y p r o d u c t s ~ . .  - - {meted; ' 1 
Compared to chlorine, water disinfected with monochloramlne contains fewer 
regulated disinfection byproducts linked to bladder cancer. 
Regardless of the disinfectant used, the types and concentrations of disinfection 
byproducts will vary from each utility and also from day-Way. 

Compared to chlorine, water treated with monochioramhe may contain hlgher 
concen tratlons of unregula fed disinfection byproducts. ̂,, , . +. ... . . . . . , , . . , . . . . . -, , . , . A 1 EPA scientists are currently studying the unregulated disinfection b y p r o d u c t s ~ ~ ~ ~ ~ ~ ~  .,. . 

that form in water treated with rnonochlorarnine. 
Compared to chlorine, water treated with rnonocftloramine may contain different 
unregulated disinfection byproducts than chlorinated water. 
EPA and other organizations continue to conduct research on unregulated 
disinfection b~products.3,. . . . . . . . .......... . . . . ...... . .. ., , . , , , ... .... . . ........... , ...-... ... .. . . - - b~~ I 
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10) Why are water utilities switching to monochlorarnine? 

New â‚¬ regulations require water utilities to reduce levels of regulated 
disinfection byproduc ts. 

Water utilities are required to comply with EPA's revised regulations. - 
Water utilities are assessing if they need to make changes to comply with revised 
EPA regulations? 
To meet the new regulations, a subset of utilities has decided to change their 
secondary disinfectant from chlorine to monochloramine. 

Water treated with monuchlommine contahs reduced levels of regulated 
disinfection byproducts compared to water treated with chlorine.' 

Monochloramlne produces lower concentrations of regulated disinfection 
byproducts because it Is less reactive than chlorine with natural organic matter? 
The formation of disinfection byproducts is influenced by source water type and 
the type of disinfection used. 
Formation can vary dally with the amount of natural organic material in the water, 
temperature, rainfall, and distance from -. the treatment plant or other factors 
influencing water chemistry.-" 

Water utilAfes switching from chlorine to monochloramine report fewer consumer 
concerns about water quality. 

Water utilities switching from chlorine to monochloramine report fewer consumer 
................................................ I - about the taste of ~a ter5~ . .  -4  D- I 

Water utilities switching from chlorine to monochloramine report fewer consumer 
concerns about odor% , . - Deleted: ' ............................................................................. 1 Consumers may still notice a chlorine smell when ufa'lltles use monochloramine~, . ., ----+ 

Additional Supporting /n formation:! 
1. See Stage 2 Disinfection ~ ~ ~ r o d u c k  Rule (71 FR 388, January 4, 2006) for more information 
on disinfection byproducts and discussion of epldemlological data on chlorinated water 
exposure and cancer, JaStD://www.e~a.aov/fedmstr/EPA-WATER/2006/Januarv/D3~-04/w03,~df. 
2. See question 11 for additional ways utilities could comply. 
3. Natural organic matter is a complex mixture of compounds formed as a result of the 
breakdown of animal and plant material in the environment; Source: 
h ~ : l ~ w w ~ i w a h a . ~ ~ ~ ~ ~ 4  tem~!atedavout 6331 M.as~x?O biectId=W 579,, ,,. 
4, Water c h e m i s t r y  Ithe chemical i roper ties of wgter such as wH, h a w  , , , ,. , , 4 +:,: 

emistrv can cause subseaueni changes to the physical lea,  . . alkalinity. Chanaes in water ch . . 
Q e. . ofilm formation and nmtionl ~m~ertles &g&, . . .  
U . @ n .  . ~ ~ . & ! ~ ~ ~ ~ . ~ m ~  .mm&? .wE!!~.M.fl!k~ .* m!e 91 ~!!!mk?v!FW . ?*. 
taste and odor. See question 29 for more specific information about these devices. -. 'L . . . 

*. . 

Deliberative draft - do not cite or distribute Revised 1/26/09 10 

Ftenurttod: font (De(aA)AJta), 11 
IJt, Complex Script Aria), 11 ~t 

-m&(wadt)Mal,Ll 
oLComdexScrtotFont:AriaLlIDt 



11) Other than chlorine and monochtoramlne, what options could water utilities 
consider to reduce the levels of disinfection byproducts? 

Water utit/ties have several options for reducing disinfection byproducts other 
than chlorine and monocblommlne.' 

One option for reducing disinfection byproducts is to reduce the amount of time 
water spends in pipes. 
One option for reducing disinfection byproducts is to use ozone or ultraviolet (UV) 
lightd3 
One option for reducing disinfection byproducts is improved filtration to reduce 
natural organic matter in water that react with disinfectants to form byproducts." 

The options for reducing disinfection byproducts have disadvantages. 
Better system management to reduce the amount of time water spends in pipes 
or Improved filtration methods may still not be enough to reduce regulated 
byproduct levels. 
Ozone, UV and some improved filtration processes require a high level of 
sophistication, expertise, and management skills to operate successfully. 
One disadvantage of ozone and uftravldet (UV) tight is they require the 
installation of new and expensive technology, making It impractical for many 
utilities. 

UtIlltles must still use chlorine or monochloramlne to protect drinklng water from 
harmful organisms in pipes. 

The major disinfection alternatives to chlorine and monochloramine can reduce 
the formation of some disinfection byproducts but can increase the production of 
others. 
The major treatment alternatives for reducing disinfection byproducts do not by 
themselves provide adequate protection for drinking water as it moves through 
water pipes. 

Ã EPA is encouraging water utilities to consider a full-range of alternative 
technologies and operational practices2 for reducing disinfection byproducts. 

Adtlit/ona/ Supporting Information: 
1. Guidance manuals are available at: 

e ~ / / w w w .  ~a,oov/safewater/dislnfection/ wm~liance.html. Hard copies are available by 
&ring publications throu~h EPA's waterRe&e Center (phone: 202-5604 729). 
2. Certain regulated disinfection byproducts will increase overtime as water continues to react 
with natural organic matter. Natural organic matter is a complex mixture of compounds formed 
as a result of the breakdown of animal and plant material In the environment. Source; 
t m W  5331 ~ ~ ~ x ? O b k t l d ~ I 5 7 9 .  Options 
for reducing water age include flushing programs and eliminating dead-end locations in pipes. 
3. UV Is effective at Inactivating dlsease-causing protozoa such as Cryptosporidium. 
4. In some cases, natural organic matter (precursors to OBP formation) can be removed. 
Removal technologies include nanoflhtion, enhanced coagulation, granular activated carbon, 
enhanced coagulation, or ozone followed by biologically active filtration. 
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